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Outline
• Original software (STRUCT+MARS) – used to predict activation and 

ring loss profile

• Motivation for re-simulations of booster collimators

• Requirements for tracking software & lattice file

• Suggested software for re-generation of  activation and loss profile: 

MADX+MARS

• MADX: features and necessary implementations (scattering in 

primary collimators, trapezoidal apertures, initial particle 

distributions, postprocessing)

• MADX: first results for horizontal collimators

Acknowledments: Mokhov, Striganov, Lebedev, Pronskikh
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Original software STRUCT+MARS
STRUCT – particle tracking engine:
• Accept MAD -8 optics table for lattice generation
• Simulation of lattices with all types of magnets

in booster - bends, combined function magnets, 
multipoles (Q,S,O,..14-), RF cavities, drifts, etc.

• Different types of apertures
• Use externally generated particle coord .
• Treat interaction of p with material of 

collimators (some “old” MARS modules included 
in STRUCT)

• Output coords of lost particles for more 
comprehensive analysis with MARS-code
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STRUCT status

• STRUCT had been developed and 
supported by only one person (A.D.)

• Very difficult to use w/o his guidance: 
� Some FORTRAN modules have several 

versions : each for every particular task => 
many versions of executables

� Most numerical data for particular task are 
given inside source code (not external files) 

� No guide/manual how combine multiple 
versions of modules to produce executable ! 

� Another drawback: only under UNIX OS

STRUCT must be replaced by another well–supported 
modern particle tracking code (e.g. MADX)
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Example of STRUCT simulations

Proton Source Workshop, Fermilab, December 7-8, 2010

Booster Collimation and Shielding - N.V. Mokhov, 2010

STRUCT

PH_M5 PV_S5

SH1_L6A SV1_L6B

SH2_L7 SV2_L7

Simulations 
for 400 MeV: 
0.15mm Carbon Foil 
for primary collimator

Reality:
Installed 
0.381 mm 
Copper foil
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Motivation for re-simulations of 
booster collimators

N.V. Mokhov, 2015 (e-mail):

As I keep saying for many years, the parameters of a primary collimator 
installed in the Booster are very different from what was designed for 
the collimation system in 2001.   
I reiterated it again … in December 2010, Beams-doc-3734.
… the highest performance of two-stage collimation system in the Booster 
in simulations …- for the horizontal and vertical primary collimators made 
of tungsten 0.003 mm (graphite 0.15 mm ) thick at 400 MeV.
Instead, 0.381 mm copper foil was installed as primary collimator.
As a result, the performance of such a collimation system was 
substantially lower compared to the proposed two-stage collimation 
system with two primary collimators and three secondary collimators.
The main reason is a very different angular kick given to halo protons by 
the above copper foil… Thick kick for copper is 11.5 times larger than 
designed for graphite and tungsten at 400 MeV
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Simple analytical evaluations

3Cu2Cu
0 g/cm 96.9 ; g/cm 86.12 :Cu == ρX3C2C

0 g/cm 210.2 ; g/cm 70.42 :C == ρX

CC
C
0

CC

228.0
70.42

210.2
dd

X

d ⋅=⋅=⋅ρ

[ ] [ ] [ ]cmg/cmg/cm 32 dx ⋅= ρ

CuCu
Cu
0

CuCu

834.0
86.12

96.8
dd

X

d ⋅=⋅=⋅ρ

CuC 834.0228.0 dd ⋅=⋅Equation for equivalent Cu foil:

CC
2

Cu 074.0
834.0

228.0
ddd ⋅=⋅







=

m100.01mmcm001.0015.0074.0

 cm015.0for 
Cu

C

µ===⋅=
⇒=

d

d

6001.00381.0ideal Cu,
0

real Cu,
0 ≈=θθIncrease in rms angle for real 0.381mm foil:



V.Kapin, Booster Collimation, 
04/22/2015

9

Principle scheme of 2-stage 
collimation system

Bryant, in CERN Acc. School (1992), p.174
The primary collimator is followed by 
two secondary collimators set at 
optimized phases for intercepting the 
scattered particles. 

Simulations steps (also in STRUCT):
�Generate part. distribution on edge of 
Prim-Collimator (halo-particles)
�Scattering in material of thin P-Coll
�(Non-linear) Tracking scattered parts
�Collect lost particles on Sec-Colls and 
other magnet apertures

halo particles => large amplitudes => 
Correct treatment non-linear dynamics 
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Why MADX ?
• MADX is a successor of MAD8 and is industry standard. 

Developed and supported by CERN
• I have a long-term experience with MADX: both in development and 

usage (subjective reason)
• My collaboration with CERN on MADX started in 2005:
� Development PTC-tracking module using as a prototype thin-lens 

tracking module
� Development space-charge version of MADX (now used at CERN,  

BNL, FNAL)
� Particle tracking done with MADX for projects at GSI, ITEP and FNAL 
� Implemented fringe-field treatments for Muon-Colliders (DynAp-

studies) via generating and importing COSY-infinity maps
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MADX as a substitute of STRUCT
1) Booster lattice file is already in MADX format (no need for import), 

even used as tracking engine for Booster LOCO code
2) Nonlinear tracking of halo particles – MADX is proven to be  

simplectic & benchmarked tracking code.
3) Fortran subroutines for simulations of scattering in Prim -

Collimators from MARS can be also used (done! )
4) Initial particle distributions can be also generated and accepted for 

tracking (done with MADX internal macros ! )
5) Most of Apertures (Rect., Elliptical, Racetrack) with offsets are 

implemented for thin-track module + trapezoidal has been added
6) Table with lost particles is also available (Thin-track) for further  

usage with MARS (post-processing & plots with gnuplot)
7) MADX extensions to treat both space-charge effects (affect on 

phase-advance) and fringe fields (large particle amplitudes) are 
available, if needed 
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Booster lattice file – many versions
All MAD-8/MADX lattice files w/o any apertures , 

apertures only in STRUCT lattice filesbooster_madx _rev4829472d
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STRUCT “LAT92.INP_coll-2011”: Apertures

Only circular, rectangular 
and trapezoidal apertures
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STRUCT “LAT92.INP_coll-2011”:
element locations in booster_madx_rev4829472d

(cells 5 – 7 near collimators has been revised)
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cells 5 – 7 near collimators: Cell 5
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cells 5 – 7 near collimators: Cell 6
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Long 6 in details (photos from my tunnel visit)
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Long 6: revised vs STRUCT & MADX lattices
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cells 5 – 7 near collimators: Cell 7



V.Kapin, Booster Collimation, 
04/22/2015

20

Long 7: in details (photos from my tunnel visit)
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Long 7: revised vs STRUCT & MADX lattices
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Generation of  initial particle distribution

done with MADX internal macros ! 

Beam halo: strip ~ 10 µm
Along x – Gaussian
Along y – 1/r
y’ ~ d β/ds; x’ (? Gaussian)

x

y
Prim Collimator

Beam-core is not normally simulated, but its action via S.C. can be added
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MADX: initial particle distribution at H-Prim
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MADX: initial particle distribution at H-Prim



V.Kapin, Booster Collimation, 
04/22/2015

25

New apertures in MADX (for thin-track)

Add into MADX thin-track module:
�apertype=Trapezoidal
�Apertype=hprimcoll or vprimcoll

hprim_l0: rcollimator, l=0, APERTYPE=hprimcoll,
APERTURE={xsize_hprim,ysize_hprim}, 
APER_OFFSET={x_hprim_neg_offset,0.0}, 
PRIM_COLL_MATTER=copper, 
DP_RELATIVE_DROP=0.9, MATTER_THICKNESS_M=0.000381;

FMAG_c:  SBEND, APERTYPE= FOCTRAPEZOID,

APERTURE={0.0825,0.02083,0.086}; 
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MADX: first results for horizontal collimators
Distribution of particle losses (total 10k particles) 
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MADX: first results for horizontal collimators
During first turn only

Maximum N_colls_sum at 60mkm (within 40-100mkm)
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MADX: first results for horizontal collimators
After 10 turns

Maximum N_colls_sum at 50mkm (within 30-60mkm)
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Conclusion

• MADX lattice for booster in collimation areas has been revised (info 
from reports, ruler meas. & drawings)

• Scattering module from STRUCT extracted, tested and included in 
MADX (thanks Striganiov & Mokhov)

• Trapezoidal apertures in MADX - implemented
• Generation of specific particle distributions - done
• First runs for Hor. Collimation - performed 
• Oprtimal thickness of PrColl ~50 mkm (<< of existing 381mkm)
• Runs for vertical and additional post-processing routines should be 

performed within next weeks
• Results confirm a need for a discussion about replacement of 

primary collimators
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Supporting info
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T.Sullivan &
D.Still
BeamDocs
1220-v1
(2004)
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2005 Pellico &
Sullivan 
Booster 
Collimation 
DOE-Review
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Bartoszek Eng. (some info on web)


